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Summary
Process development groups have begun utilizing real-time monitoring of complex 

parameters during the manufacturing processes to better understand and control 

mammalian cell cultivations in the biopharmaceutical industry. Strategically, the process 

is more efficient compared to previous workflows. Raman Spectroscopy has been 

confidently identified as a tool that can be used for in-line, real-time monitoring of 

biopharmaceutical production processes.

This application note describes the integration of the Thermo Scientific™ Ramina™ 

Process Analyzer System with two benchtop 5L bioreactors to perform in-line 

measurements of TCD, VCD, and the concentrations of glucose, & lactate. Spectral 

data from the Thermo Scientific Ramina Process Analyzer was used to generate an 

accurate prediction model for several important metabolites, showing high correlation 

with independent data collected from an at-line instrument. 

Background
Implementing Process Analytical Technology (PAT) tools in biopharmaceutical 

manufacturing in the biopharmaceutical industry is currently receiving much interest, 

with the goal of allowing rapid development and access to therapeutics and existing 

medications without compromising high quality1,2. Implementing real-time monitoring of 

critical process parameters has led to cost reductions, decreased development cycles, 

access to new chemistries not practical in batch, improved safety, and product quality 

assurance3,4.  

Cell culture processes are very labor intensive due to frequent sample analysis 

required to estimate cell feed amounts (glucose). When operating bioreactors in 

fed-batch mode, nutrients are periodically supplemented in a bolus feeding strategy 

using predetermined volumes of concentrated nutrients. In turn, these volumes are 

derived from off-line concentration analyses. This typically results in high fluctuations 

of glucose concentrations in a relatively wide range. This is not optimal for the cells 

due to the chance of greater depletion (nutrients) or accumulation (waste). Increased 

levels of glucose have been shown to also affect titer product quality due to abnormal 

glycosylation6. Suboptimal feeding strategies can produce excessive secondary 

metabolites which hinder cell viability and product yield. 

Figure 1. Thermo Fisher Scientific Ramina 
Process Analyzer with optical probe immersed 
into the bioreactor.
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Therefore, it is extremely advantageous to utilize an immersed 

Raman optical sensor that provides real-time process information 

about the critical process parameters (CPPs), unlike traditional 

monitoring systems which require manual sampling and off-

line analysis5. Noted advantages include an increase in data 

acquisition frequency allowing rapid correction of any detected 

process parameter deviations, and risk reduction of contamination 

due to a reduced offline sampling. As part of the proposed PAT 

initiative by the FDA to improve pharmaceutical processes and 

their products, certain spectroscopic tools have been implicated. 

Of those such tools is Raman spectroscopy, a laser‐based 

method for generating a chemical fingerprint of a sample7. Analysis 

with Raman spectroscopy has gained attention in bioprocess 

monitoring due to its ability to measure numerous variables in a 

non‐destructive manner, in situ and with low interference from 

water. These variables include nutrient feed, metabolites, growth 

profiles, product levels and product quality attributes1,2. 

The Raman spectral data is combined with chemometric 

modelling to interpret spectral peaks associated with the 

measured process parameters and attributes. Together, the 

Thermo Scientific Ramina Process Analyzer provides the ability 

to monitor and simultaneously predict multiple components (such 

as lactate, glutamine, glutamate, viable cell density [VCD], and 

total cell density [TCD]) in cell cultivation, allowing rapid decision 

making. It is a compact, portable analyzer that is easy to setup, 

acquires a high frequency of process information in real time, and 

is user friendly for non-Raman experts. 

Materials and methods
Cell culture and feeding strategy

Thermo Scientific™ ExpiCHO ™ clone expressing a biosimilar 

equivalent of Rituximab was used for the bioreactor culture 

experiment. All used media were chemically defined. Each 

bioreactor containing a working volume of approximately 2.6L of 

cell culture medium (ExpiCHO SPM), was inoculated with 0.6*106 

cells/mL, T=36.6 °C, pH=7.0 +/- 0.3, DO=40%). The pH level 

was controlled by CO2 gassing and sodium carbonate addition 

as needed. The cells were grown in a medium specialized for 

mammalian cells, in standard fed-batch bioreactors in duplicate 

using a Thermo Fisher Scientific developed platform process 

(SPM for the basal medium, Efficient feed C+ as the feed) for 14 

days. The cultures were fed with 3% weight/volume starting day 

3, in the form of bolus feed and glucose, less than 4 g/L (pre-

EFC feed) feed to 6 g/L (final). The bioreactors were wrapped 

in aluminum foil to protect from stray light. Each bioreactor 

was connected to its own Thermo Scientific Ramina Process 

Analyzer system with an optical probe (Bioreactor Ballprobe with 

TouchRaman immersion technology) immersed in the cell culture 

media for in-line real-time measurements. Offline measurements 

were taken manually from all cultivations to measure Cell growth 

(VCD, and viability) pH, DO, glucose and lactate levels. 

Ramina measurements

Ramina measurements were performed using the Thermo 

Scientific Ramina Process Analyzer System, with the optical probe 

(Bioreactor BallProbe with TouchRaman immersion technology) of 

the Thermo Scientific Ramina Process Analyzer directly immersed 

into each bioreactor (Figure 1). Each Raman spectra was the result 

of an average of 20 measurements with an integration/exposure 

time of 3 sec, and power setting at 450 mW. The total acquisition 

time per spectra was 2 minutes, with a timestamp matched 

between the Thermo Scientific Ramina Process Analyzer and off-

line instrument to build the model. 

Chemometrics, model building 

The training set data was collected from 45 samples per 

bioreactor to create each chemometric model raw spectral 

data was reviewed, and cosmic rays were removed.  The 

spectral region of interest was selected, and the spectra were 

preprocessed to remove the baseline and maximize signal to 

noise.  Many pre-processing techniques were tested, including 

the Savitzky Golay filter with derivatives, Automatic Whitaker 

Smoothing, Extended Multiplicative Scatter Correction, SNV, 

and mean centering.  The best pre-processing techniques varied 

based on the property of interest being modelled.  Partial Least 

Squares (PLS) models were created for each property of interest 

and cross-validation was performed to optimize each model’s 

parameters.  Properties of interest included glucose, lactate, 

glutamine, glutamate, TCD, VCD, and other common metabolites 

from bioreactors.

Results
In this work, in-line Raman spectroscopy was applied to a fed-

batch CHO cell culture process. The in-line spectral data were 

correlated to the off-line reference data for glucose and lactate. 

The use of Raman spectroscopy to monitor process parameters 

first requires chemometric model building with a calibration 

dataset. To assess the accuracy of Thermo Scientific Ramina 

Process Analyzer measurements compared with traditional offline 

sampling methods, samples were collected daily and analyzed. 

The root mean square error of calibration (RMSEC), root mean 

square error of cross validation (RMSECV) and root mean square 

error of prediction were calculated for each parameter (RMSEP). 

The error was averaged based upon prediction of the model to 

identify the RMSECV, which is used to construct the model while 

the RMSEP is used to test the model against “new” data that 

the model has not seen.  The coefficient of variation, R2, was 

recorded for each PLS model. The value is used to determine the 

amount of variation of the Y variable which the model predictors 

(X variables) can explain. The data indicates a correlation between 

the model prediction and offline data, and the combined model 

data demonstrates highly correlated predictive data for numerous 

metabolites as demonstrated in Table 1. Figures 2 and 3 show 

plots of the Raman Model vs off-line analysis of metabolites 

showing excellent correlation between measured and predicted 

metabolic concentration, in addition to cell viability and cell titer. 



Table 1: Correlation of model prediction with off-line data.

Bioreactor 1 Bioreactor 2

Metabolite Predicted R2 Bioreactor 1 R2 Bioreactor 2 RMSEC RMSECV RMSEP RMSEC RMSECV RMSEP

Viability (%) 0.9 0.9 2.92 3.12 2.50 2.92 3.12 2.95
TCD (106 TC/mL) 0.97 0.94 2.63 3.45 1.77 2.63 3.45 2.96
VCD (106 VC/mL) 0.97 0.92 2.83 3.59 1.80 2.83 3.59 3.26
TCD (106 TC/mL) 0.9 0.9 1.83 2.11 1.72 1.83 2.11 1.83
VCD (106 VC/mL) 0.9 0.9 1.73 2.43 1.62 1.73 2.43 1.72
Viability (%) 0.94 0.96 2.55 3.48 2.17 2.55 3.48 2.74
Diameter (µm) 0.91 0.91 0.41 0.47 0.41 0.41 0.47 0.39
Gln (mmol/L) 0.96 0.98 0.23 0.28 0.25 0.23 0.28 0.20
Glu (mmol/L) 0.97 0.97 0.38 0.4 0.40 0.38 0.4 0.33
Gluc (g/L) 0.97 0.97 0.42 0.64 0.38 0.42 0.64 0.43
Lac (g/L) 0.93 0.93 0.16 0.2 0.16 0.16 0.2 0.16
NH4+ (mmol/L) 0.95 0.89 1.04 1.27 0.79 1.04 1.27 1.20
Na+ (mmol/L) 0.97 0.96 2.72 2.84 2.50 2.72 2.84 2.78
K+ (mmol/L) 0.98 0.96 0.31 0.35 0.25 0.31 0.35 0.34
pCO2 (mmHg) 0.92 0.92 4.1 5.16 4.06 4.1 5.16 3.89
Osm (mOsm/kg) 0.98 0.96 8.41 9.08 7.03 8.41 9.08 9.03
Titer 0.96 0.95 0.34 0.35 0.31 0.34 0.35 0.34

Figure 2. Bioreactor model plots, selected plots of Raman model vs off-line analysis for metabolites.
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Figure 3. Bioreactor model plots, selected plots of Raman model vs off-line analysis for metabolites.

Conclusions
The Thermo Scientific Ramina Process Analyzer provided in-

line, real-time measurements of the critical process parameters 

glucose, glutamine, glutamate, and lactate as well as total and 

viable cell densities in 2 bench-scale bioreactors.  The correlation 

analysis showed excellent agreement between the model 

prediction data obtained from the Thermo Scientific Ramina 

Process Analyzer and the offline data for numerous metabolites 

and CPPs (Table 1). The simultaneous measurements of 

metabolites and product titer is of special interest as it will allow for 

greater process control of cultivation and purification parameters 

within continuous biomanufacturing processes. This study 

demonstrates the capability of process Raman spectroscopy as a 

Process Analytical Technology (PAT) tool, for in-line monitoring of 

numerous critical metabolites in bioreactor systems.
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